Rechargeable lithium ion batteries have been widely investigated in the field of portable power sources owing to their high power density and long cycle life. Among the known intercalation materials, LiCoO 2 , LiNiO 2 , LiMn 2 O 4 and LiFePO 4 have been studied extensively [1 4] . LiCoO 2 has been widely used in commercial lithium ion batteries with ease of preparation and high tap density while LiMn 2 O 4 and LiFePO 4 are still at the stage of evaluation. LiNiO 2 , isostructured with LiCoO 2 , is a more attractive material than LiCoO 2 due to its lower cost and the possibility of a higher discharge capacity. However, stoichiometric LiNiO 2 is difficult to synthesize, and its structure is unstable during charge-discharge process, the nickel ions occupy lithium sites to cause structure disordering and capacity fading [5] . During the charging process, LiNiO 2 shows sequential change in crystal structure from the hexagonal phase to the monoclinic phase, the hexagonal phase again, then two hexagonal phases, finally a single hexagonal phase. In order to improve the cation mixing and stabilize structure, nickel is partially substituted with cobalt or gallium [6 8] . LiNi x Co 1-x O 2 becomes a promising candidate for LiCoO 2.
LiNi x Co 1-x O 2 material has been traditionally synthesized by hydroxide homogeneous precipitation [9] . There are two polymorphs about the nickel hydroxide known as Į-and ȕ-phase. The hydroxide precursor in preparing cathode materials for lithium ion batteries usually adopts ȕ-phase due to the difficulty in synthesis of Į-phase hydroxide and metastability [10] . The Į-phase hydroxides have isostructural similarities to layered double hydroxides (LDH) and have a longer interlayer separation (>7Å) compared with the ȕ-phase (4.6Å) [11, 12] . Furthermore, the thermal decomposition products of Į-phase Ni(OH) 2 have a good reaction activity with a large specific surface area and react much more easily with other reactants to form new compounds in relatively short reaction time [13, 14] . Microwave irradiation, whose energy is delivered to the reactants through molecular interactions with the ARTICLES PHYSICAL CHEMISTRY electromagnetic field, is unlike the conventional heating where the solid or liquid is heated from outside the vessel through conduction. It can reduce reaction time and has the advantage of uniform, rapid, and volumetric heating. Recently, the Į-Ni(OH) 2 prepared by homogeneous precipitation with the help of hydrolysis of urea at 120 has been widely studied [15 17] . In this paper, the Co-substituted Į-Ni(OH) 2 precursor was prepared by combining microwave irradiation method with homogeneous precipitation method. LiNi 0.8 Co 0.2 O 2 cathode material was synthesized by calcining Co-substituted Į-Ni(OH) 2 precursor and LiOH·H 2 O, and the electrochemical performance of the prepared LiNi 0.8 Co 0.2 O 2 was also investigated.
Experimental
Co-substituted Į-Ni(OH) 2 precursor was prepared by a novel microwave homogeneous precipitation method with urea. Stoichiometric Ni(NO 3 ) 2 ·6H 2 O and Co(NO 3 ) 2 · 6H 2 O were dissolved in distilled water with excess urea. The mixed solution was transferred to a glass flask and heated by microwave irradiation in a microwave reactor (maximum output power, 650 W; microwave frequency, 2.45 GHz) whose output power was 325 W for 2 h. The precipitations were rested at room temperature for a few hours to allow the crystals to grow. The obtained precipitates were thoroughly washed using de-ionized water and anhydrous ethanol, and then dried in a vacuum oven to yield Co-substituted Į-Ni(OH) 2 (Į-Ni 0.8 Co 0.2 (OH) 2 ) precursor powder. Co-substituted Į-Ni(OH) 2 precursor and LiOH·H 2 O were intimately mixed with a molar ratio of Ni 0.8 Co 0.2 Li = 1 1.05 (due to evaporation of Li during high temperature sintering) by ball milling in a planetary mill (Puluerisett 6) with agate vessels. The mixtures were then calcined to obtain final LiNi 0.8 -Co 0.2 O 2 product. According to refs. [9,13] and our previous research [18] , we use 900 as calcining temperature, i.e. the mixtures were calcined at 900 at a heating rate of 4 per min for 10 h under flowing oxygen atmosphere to form LiNi 0.8 Co 0.2 O 2 .
The XRD patterns were collected with 2ș range from 10° to 80° by Shimadzu XRD-6000 diffractometer using Ni-filtered Cu KĮ radiation (Ȝ=1.5406 Å) operating at 40 kV and 30 mA. The morphology of the prepared Cosubstituted Į-Ni(OH) 2 precursor powder was observed with a scanning electron microscope (SEM) (Hitachi S530). FT-IR measurement was carried out on a Perkin- 
Results and discussion
SEM image of the as-prepared Co-substituted Į-Ni (OH) 2 precursor is presented in Figure 1 . The precursor particles exhibit the particle size of 1 3 ȝm. The K sp value of Co(OH) 2 (K sp =5.9u 10 15 ) is similar to that of Ni(OH) 2 (K sp =5.5u 10 16 ), which results in the even agglomeration of crystallite from all the directions [16] . Moreover, the homogeneous decomposition of urea and the use of microwave radiation are also helpful to the control of precursor particles shape and size.
The XRD pattern of the Co-substituted Į-Ni(OH) 2 precursor is shown in Figure 2 . It can be seen that the diffraction pattern of the precursor has good correspondence with the patterns reported for Į-phase Ni(OH) 2 [17, 19] . The (003) peak around 2ș=12° and the broad asymmetric peak at about 2ș = 32 36° are characteristic peaks for turbostratic Į-Ni(OH) 2 [15] . The first two peaks at 7.231 Å and 3.615 Å correspond to (003) 
